We report on measurements of both the longitudinal and transverse magnetoresistivity (MR) of oxygen-reduced YBa 2 Cu 3 O 7−δ (YBCO) thin films with critical temperatures between T c = 55 K and T c = 89 K. We find the MR solely caused by the suppression of superconducting fluctuations by a magnetic field. In fully oxygenated samples both the Aslamazov-Larkin process (AL) and another, presumably the Maki-Thompson process (MT), contribute to the MR. In oxygen-deficient samples the MT process unambiguously is absent, thus indicating an unconventional (non-s-wave) pairing symmetry in YBCO.
Introduction
In HTSC materials the magnetoresistivity (MR) at temperatures close to T c is mainly caused by the suppression of superconducting fluctuations by the applied magnetic field. This process can be well described by a phenomenological, Aslamazov-Larkin approach (AL process) . [1] . which allows for a precise determination of the zero-temperature Ginzburg-Landau coherence length in both the in-plane [ξ ab (0)] and out-of-plane [ξ c (0)] directions. In fully oxygenated YBa 2 Cu 3 O 7.0 , at temperatures far above T c an additional contribution to the MR was observed. The interpretation of this fact is still controversial and different models have been developed to explain the excess MR. Maki and Thompson . [2] . predicted the interaction of superconducting fluctuations with normal-state quasiparticles (MT process). The calculation of MT is based on a microscopic ansatz and the result strongly depends on the symmetry of the superconducting order parameter. It has been shown that the MT process should be suppressed in impure superconductors with an unconventional pairing symmetry . [3] .
. On the other hand, it has been suggested that the excess MR can also result from a normal state MR, originating from a cyclotron motion of charge carriers .
[4]
. . The purpose of this study is to compare the MR of pure and impure high temperature superconductors. We use fully oxygenated YBa 2 Cu 3 O 7 as an example for a pure superconductor, and oxygen-deficient YBa 2 Cu 3 O 7−δ as an impure superconductor. Reducing the oxygen content lowers the critical temperature, 0749-6036/97/030345 + 04 $25.00/0 sm960395 c 1997 Academic Press Limited enhances the anisotropy, which makes fluctuation phenomena more pronounced, and increases the defect concentration, shifting the superconductor towards the dirty limit.
Experimental
Our samples were fabricated from c-axis-oriented YBCO thin films, rf sputtered on LaAlO 3 substrates. The films show a very sharp superconducting transition at 90 K and a critical current density of more than 3 MA cm −2 at 77 K. The samples were oxygen-depleted by furnace annealing for 1 to 2 hours at 330-450
• C in 10 mTorr of O 2 . This procedure allows for the production of superconducting YBCO samples with a well defined T c as well as semiconducting ones. Two independent test structures suitable for transport measurements were patterned in each film using a laser-processing technique .
[5]
.
. The quality of the samples was checked by reoxygenating some of them to the initial T c ensuring that the change of T c was not evoked by contamination with impurities.
The MR measurements were performed in a closed-cycle refrigerator during a very slow (0.025 K min −1 ) bi-directional temperature sweep using a lock-in technique and a 17 Hz a.c. current with a density of about 160 A cm −2 parallel to the CuO 2 -planes. The magnetic field of B = 1 T was provided by an electromagnet and the data points were taken by a fully computer controlled setup using a field inversion technique. Since the MR in HTSCs is a very small effect at temperatures far above T c , extreme care was taken to avoid any systematical temperature change of the sample in the magnetic field, which would manifest itself in an apparent negative MR. In order to measure the transverse (B ⊥ j) and longitudinal (B j) MR, two sweeps with an appropriate orientation of the sample in the magnetic field were performed. The resolution of the MR measurements is better than 10 −5 in the superconducting and about 10 −4 in the semiconducting YBCO samples at B = 1 T, respectively.
Results and discussion
An analysis of the MR requires a careful examination of the different contributions to the total MR. One of the main problems is to distinguish between a fluctuation-induced MR and a normal-state MR. This topic has been discussed in more detail in Refs . [7] . , can be estimated from the Hall angle, which is closely related to the orbital MR. Kohler's rule yields a T −2 -power law, Harris et al. predicted and observed a T −4 -power law at high temperatures. However, both predictions fail in all our oxygen-deficient samples. The MR of the 55 K-sample follows a T −2.8±0.3 dependence, and the 83 K-sample does not exhibit a power law behavior up to the high temperature limit of our measurements. In extremely oxygen-deficient, semiconducting samples (δ ≈ 0.7), the MR is below our experimental limits.
Since . Both processes are the sum of two contributions, resulting from the orbital and the spin interactions ('Zeeman terms') of the charge carriers with the applied magnetic field. The transverse MR is the sum of both contributions, whereas the longitudinal MR consists of the Zeeman terms only. Both the longitudinal and the transverse MR must be calculated by the same set of parameters. Thus, a fit to the two independent data sets makes the resulting parameters very reliable. To account for the MR of one of the samples close to T c , we used a model of a Gaussian distribution of critical temperatures .
[10]
. . The Table summarizes our results obtained on samples with different oxygen content.
Finally, we want to draw some conclusions from our experimental results. The AL fluctuation process can be clearly identified in all superconducting samples, thus leading to a precise determination of ξ ab (0) and ξ c (0). In the fully oxygenated samples we detected an excess MR at temperatures far above T c , which can be either contributed to the MT process or to a normal state MR with parameters comparable to those in Ref.
. [4] . . A fit to the MT process leads to a determination of the quasiparticle phase relaxation time τ φ as an additional parameter. In oxygen-depleted samples, however, we can rule out an excess MR and obtain a perfect fit to the data taking into account only the AL process (Fig. 1) . Figure 2 displays 267 (1994) .
